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Quality  for  Construction  and  Operation  of  Military  Facilities";  Task  02.  "Pollution 
Control  Technology”;  Work  Unit  008,  “Prediction  and  Reduction  of  the  Noise 
Impact  Within  and  Adjacent  to  Army  Facilities."  The  QC'R  number  is  1.03.011. 

Mr.  F.  P.  Beck  is  the  OCE  Technical  Monitor.  Guidance  was  provided  by  Mr. 
J.  L.  Halligan  of  OCE. 

This  study  was  conducted  by  the  Acoustics  Team  (Dr.  P.  D.  Schomer,  Acting 
Chief)  of  the  Environmental  Division  (Dr.  R.  K.  Jain.  Chief).  U.S.  Army  Construc- 
tion Engineering  Research  Laboratory  (CF.RL). 

COL  J.  E.  Hays  is  Commander  and  Director  of  CERL  and  Dr.  L.  R.  Shaffer  is 
Deputy  Director. 


CONTENTS 


DD  FORM  1473 
FOREWORD 

1 INTRODUCTION 

Background 
Purpose 

2 TECHNICAL  BACKGROUND  AND  APPROACH 

Measures  of  Noise  Impact 
Definitions  of  Terms 
Approach 

Operational  Considerations 

3 DERIVATION  OF  CRITERIA  AND  RESULTS 

Calculation  Procedures 
Results 

Applicability  of  Results 

4 CONCLUSION 

■r  ^ 

APPENDIX  A:  Discussion  of  Calculations 

APPENDIX  B:  Sample  Calculations  

REFERENCES  

DISTRIBUTION 


1 

3 

5 

5 

9 

10 

11 

13 

15 


TECHNICAL  BACKGROUND:  INTERIM 
CRITERIA  FOR  PLANNING  ROTARY-WING 
AIRCRAFT  TRAFFIC  PATTERNS  AND 
SITING  NOISE-SENSITIVE  LAND  USES 

1 INTRODUCTION 
Background 

Urban  development  has  been  encroaching  on  mili- 
tary and  civilian  airfields  in  recent  years.  In  particu- 
lar. residential  development  has  been  occurring  in 
areas  subject  to  high  noise  levels  which  emanate 
Iron)  aircraft  and  airfield  operations.  The  Army  has 
an  obligation  to  protect  the  well-being  and  safety  of 
persons  and  property  in  Army  airfield  environments, 
as  well  as  to  use  public  funds  judiciously  in  con- 
structing facilities  near  airfields. 

Since  the  prediction  of  rotary-wing  aircraft  noise 
impact  is  still  under  development,  criteria  which 
permit  easy  interpretation  of  existing  published 
guidelines  are  needed.  The  Construction  Criteria 
Manual 1 and  the  Air  Installations  Compatible  Use 
Zones2  are  two  Department  of  Defense  (DOD)  docu- 
ments that  define  land-use  restrictions.  Both  docu- 
ments describe  three  zones  which  impose  varying 
degrees  of  restriction  on  land  use  in  order  to  insure 
its  compatibility  with  the  characteristics  of  Army 
operations. 

The  reason  an  exact  prediction  technique  for 
rotary-w  ing  aircraft  noise  does  not  exist  is  the  unpre- 
dictable nature  of  helicopter  flight.  Unlike  fixed- 
wing  aircraft,  helicopters  are  able  to  make  tight 
turns  and  execute  sharp  maneuvers.  Training  proce- 
dures demand  that  helicopter  pilots  be  proficient  in 
this  flexible  form  of  flight.  Fixed-wing  aircraft,  con- 
versely. have  more  limited  maneuverability;  thus  a 
straightforward  methodology,  such  as  that  of  the  Air 
Force.1  can  be  used  in  predicting  noise  impact.  The 
Air  Force  procedure  uses  distinct  flight  paths  and 
other  operational  information  to  predict  ,ioise 
impact;  it  has  been  found  that  this  system  does  not 
work  for  rotary  wing  aircraft  because  of  the  impossi- 
bility of  defining  flight  paths  with  current  records. 


'Construction  Criteria  Manual.  DOD  4270. 1 M (Department 
of  Defense) 

Mir  Installations  Compatible  Use  Zones.  DOD  Instruction 
41*5-57  (Department  of  Defense) 

'R  D Hornnjeff.  et  at  . Community  Noise  Exposure  Resulting 
Crom  Aircraft  Operations  Computer  Program  Description, 
Kcporl  AD  A (XMK2I  (Boll.  Beranek  and  Newman  fBBN|.  1974). 


These  problems  notwithstanding,  compatibility 
between  land  use  and  noise  impact  must  be  achieved 
to  safeguard  facilities'  operational  capabilities  while 
providing  satisfactory  on-  and  off-post  living  envi- 
ronments. Installation  master  planners  and  airfield 
operations  personnel  must  join  forces  to  achieve  this 
result . 

Purpose 

The  purposes  of  this  report  are  (1)  to  establish 
interim  criteria  for  locating  rotary-wing  aircraft 
traffic  patterns  and  ingress  and  egress  corridors  into 
an  airfield/hcliport  to  avoid  conflict  with  noise- 
sensitive  land  uses,  and  (2)  to  provide  criteria  for 
planners  to  site  noise-sensitive  land  uses  with  respect 
to  the  established  airfield  and  flight  corridor  plan. 
The  operations  plan  (the  zones  and  corridors)  estab- 
lished from  these  criteria  will  define  the  "noisy”  and 
"quiet"  areas  to  insure  compatible  development  and 
future  unimpeded  airfield  capability.  This  report 
provides  the  technical  background  for  the  planning 
manual  entitled  User  Manual:  Interim  Procedure  for 
Planning  Rotary-Wing  Aircraft  Traffic  Patterns  and 
Siting  Noise-Sensitive  Land  Uses.  * 


0 TECHNICAL  BACKGROUND 
£ AND  APPROACH 

Measures  of  Noise  Impact 

Two  measures  of  noise  impact  commonly  used  for 
aircraft  noise  are  Noise  Exposure  Forecast  and  Day- 
Night  Equivalent  Level. 

T he  Noise  Exposure  Forecast  (NEF)  uses  Effective 
Perceived  Noise  Level  (EPNL)  as  its  basic  noise 
measure  for  aircraft  flyovers.  EPNL  and  the  number 
of  operations  during  the  day  (0700  to  2200  hrs)  and 
night  (2200  to  0700  hrs)  provide  the  information 
necessary  to  determine  NEF  at  some  specified  loca- 
tion. As  the  number  of  events  increases,  NEF  be- 
comes larger. 

Tables  and  graphs  which  show'  EPNL  versus  dis- 
tance and  allow  easy  determination  of  NEF  for 
known  aircraft  types  are  available  for  fixed-wing  air- 
craft but.  due  to  the  present  state  of  helicopter  pre- 
diction, not  for  rotary-wing  aircraft. 

‘P.  D.  Schomer  and  B.  L.  Homans.  User  Manual  Intents  Pro- 
cedure for  Planning  Rotary  Wing  Aircraft  Traffic  Patterns  and 
Siting  Noise-Sensitive  Land  Uses,  Interim  Report  N 10  (Construe 
tion  Engineering  Research  Laboratory  |CERL|,  147*). 


Because  nighttime  operations  cause  greater  dis- 
turbance than  daytime  operations,  the  noise  of  each 
night  event  is  penalized  in  the  calculation  procedure 
by  It)  dB.s  That  is.  for  the  same  average  number  of 
aircraft  operations  per  hour  during  the  day  and 
night  periods,  the  NEF  value  lor  nighttime  opera- 
tions is  It)  (IB  higher  than  for  daytime  operations.6 
Since  the  concept  ol  Ni  l-'  was  introduced  in  the 
I'loOs.  the  calculated  Ni  l-  values  around  a given  air- 
field have  been  lowered  in  absolute  value  by  sub- 
tracting a constant  188)  to  avoid  contusion  w ith  other 
noise  measures  such  as  the  Composite  Noise  Rating 
(CNR)  and  the  Community  Noise  equivalent  Level 
(CNEL). 

The  Day-Night  Equivalent  Level  (L()n)  is  also  a 
measure  of  the  24-hour  noise  environment.  Lqn  uses 
the  energy  equivalent  concept,  which  represents  a 
fluctuating  noise  level  in  terms  of  a steady-state  noise 
having  the  same  amount  of  total  energy.  The  speci- 
fied time  integration  period  is  24  hours. 

In  a similar  although  not  absolutely  equivalent 
fashion  to  NEE.  a 10-dB  correction  is  applied  in  the 
calculation  of  L^,,  to  account  for  the  increased 
annoyance  due  to  noise  during  the  night.7  The  noise 
level  is  measured  in  A -weighted  sound  pressure 
level.8 

The  Air  Force  prediction  program  contains  several 
items  common  to  all  noise  prediction  models.  These 
considerations  or  input  factors,  inherent  in  any  air- 
craft noise  impact  prediction,  include  total  number 
of  operations  (number  of  takeoffs  and  landings), 
percentage  of  night  operations  (between  2200  and 
0700  hrs).  and  Beet  mix  (the  percentage  of  each  type 
of  aircraft  in  operation).  These  factors  must  be  esti- 
mated before  any  prediction  methodology  can  be 
used . 

Definitions  of  Terms 

1.  AGl. — Above  Ground  Level. 

2.  Conflict  with  a noise-sensitive  land  use — A 


'Information  on  Lewis  of  Environmental  Noise  Requisite  to 
Erotret  Public  Health  and  Welfare  With  an  Adequate  Margin  of 
Safety.  Report  550  9-74-(X)4  (Environmental  Protection  Agency 
| E PA | . March  1974).  pp  A26-A28. 

*K.  S.  Pearsons,  et  al.,  Handbook  of  Noise  Ratings,  Report 
N 74- 2.1275  (BBN.  April  1974).  pp  206-207. 

7 Information  on  Levels  of  Environmental  Noise,  pp  A26-A28. 
•K.  S.  Pearsons,  et  al..  pp  224-225. 


day-night  equivalent  level  (L<|n)  in  excess  of  65.  The 
previous  section  provides  more  detail. 

■V  Ground  distance — Distance  along  the  ground 
measured  from  the  projection  of  the  aircraft  on  the 
ground  to  the  observer  (Figure  I). 

4.  I tigress /egress  corridors — Approach  and  de- 
parture corridors  (ami  other  traffic  corridors)  where 
flight  altitudes  are  less  than  the  altitude  AGL  re- 
quired to  maintain  a dav-night  equivalent  level  not 
exceeding  65. 

f-AE — A-weighted  Sound  Exposure  Level. 

6.  Noise-sensitive  area — An  area  containing  one 
or  more  of  the  following:  bachelor  and  family  hous- 
ing. temporary  lodging,  recreation,  welfare  and  reli- 
gious facilities  designed  for  the  assembly  of  groups  of 
people,  medical  facilities,  and  school  buildings.* 

7.  Operations 

a.  In  a traffic  pattern,  an  operation  is  a takeoff 
or  landing. 

b.  In  a corridor,  an  operation  is  a fly-by. 

c.  Touch-and-go  operations  are  counted  as 
two  operations. 

8.  Slant  distance — The  distance  measured  from 
the  closest  edge  of  the  noise-sensitive  facility  to  the 
center  of  the  flight  path  (Figure  I). 

9.  Planning  slant  distance — The  recommended 
slant  distance  which  would  insure  that  the  noise- 
sensitive  facility  would  not  be  subjected  to  an  Lc)n  of 
greater  than  65. 

10.  SEL — Sound  Exposure  Level  is  the  time 
integral  of  the  square  of  the  acoustic  pressure. 

Approach 

Originally.  Construction  Engineering  Research 
Laboratory  (CERL)  researchers  attempted  to 
describe  rotary-wing  flight  by  using  the  computer- 
ized Air  Force  approach ; that  is.  the  flight  tracks  for 
each  aircraft  following  each  flight  track  were  de- 
scribed using  straight  and  curved  arc  sections.  Alti- 


•This  procedure  should  not  preclude  siting  a school  in  u noise- 
sensitive  area  when  the  school  subject  relates  directly  to  the  noise 
source,  such  as  a pilot-training  classroom  at  an  airfield.  Proper 
acoustical  considerations  must  he  incorporated  into  the  design  of 
the  school. 


6 


Figure  1.  Illustration  of  the  terms  "ground  distance"  and  "slant  distance." 


tude  profiles  and  number  of  aircraft  of  each  type 
following  each  flight  track  had  to  be  specified. 

The  difficulty  with  using  this  procedure  for  heli- 
copters was  that  it  was  extremely  time-consuming. 
Since  helicopters  can.  and  do,  fly  almost  anywhere, 
specific  tlight  tracks  must  be  defined  for  each  heli- 
copter path.  Because  of  this  position  variability,  a 
new  approach  was  initiated. 

Instead  of  detailing  specific  (light  paths  as  in  the 
computerized  Air  Force  prediction  procedure,  it  was 
decided  in  this  study  that  distance  criteria  (based 
upon  resulting  and  NEF  values)  for  the  place- 
ment of  family  housing  and  other  noise-sensitive 
land  uses  would  be  developed  from  rotary-wing  air- 
craft traffic  patterns.  These  criteria  could  be  easily 
understood  and  interpreted  with  the  aid  of  the  DOD 
documents  discussed  below. 

The  MOD  Air  Installations  Compatible  Use  Zones 
(AIC'UZ)  Instruction  describes  three  zones  of  noise 
impact.  Zone  .1,  the  smallest  and  loudest,  is  the  area 
in  w hich  the  frequency  of  exposure  and  intensity  are 
almost  certain  to  produce  difficulties  in  relation  to 
some  other  possible  use  of  the  area,  particularly 
w here  the  use  or  proposed  use  is  residential.  Zone  2 
is  a larger  area  in  which  similar  problems  with 


regard  toother  uses  may  occur.  Zone  1,  all  land  out- 
side Zone  2.  is  an  area  in  which  essentially  no  such 
difficulties  may  be  expected.  NEF  values  above  40 
are  considered  to  be  in  Zone  3,  values  of  30  through 
40  in  Zone  2.  and  values  below  30  in  Zone  I . 

The  DOD  Construction  Criteria  Manual  recom- 
mends that  bachelor  and  family  housing,  temporary 
lodging,  recreation,  welfare  and  religious  facilities 
designed  for  the  assembly  of  groups  of  people,  and 
medical  facilities  should  be  sited  in  Zone  1.  In  addi- 
tion, the  Army  requests  that  school  facilities  also  be 
sited  in  Zone  1 .* 

The  15  October  1975  DOD  letter,  subject:  Air 
Installations  Compatible  Use  Zone  Noise  Descrip- 
tors * amends  the  above  two  documents.  The  first 
change  is  to  compute  L^n  in  place  of  CNR  or  NEF. 


•This  procedure  should  not  preclude  siting  a school  in  a noise- 
sensitive  area  when  the  school  subject  relates  directly  to  the  noise 
source,  such  as  a pilot-training  classroom  at  an  airfield.  Proper 
acoustical  considerations  must  be  incorporated  into  the  design  of 
the  school. 

*P.  J h'liakas.  Deputy  Assistant  Secretary  of  Defense.  Installa 
lions  and  Housing- — ID,  Air  Installations  Compatible  Use  Zone 
Noise  Descriptors,  letter  of  IS  October  1975. 
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Figure  2.  NEF  vs  slant  distance  plotted  for  distances  between  300  and  3000  ft  (91  and  914  m). 
The  fleet  mix  is  80  UH-ls,  15  AH-IGs,  and  5 CH-47s  with  10  percent  of  operations  flown  during 
the  night. 


The  second  is  a recommended  correction  of  +7  dB  to 
be  added  to  meter  readings  when  helicopter  noise 
levels  are  measured.  Guidelines  are  given  for  the 
interpretation  of  Ldn  /.ones:  in  excess  of  75  L^n  is 
equivalent  in  impact  to  CNR  Zone  3:  the  range  of  65 
Ldn  to  75  I.(|n  is  equivalent  to  CNR  Zone  2;  and 
below  65  I.,|n  is  equivalent  to  CNR  Zone  1. 

Noise  Exposure  Forecast  (NF-F)  was  calculated  for 
a variety  of  distances  using  the  maximum  Perceived 
Noise  Level  tl’NL)  values*  for  each  aircraft  and  the 
time  that  the  signal  was  high  (within  10  dB  of  the 
maximum  PNL  value)  at  each  distance.  The  approxi- 
mate EPNL  was  calculated  from  the  maximum  PNL 
and  the  effective  duration,  which  was  estimated  from 
the  total  10-dB  down  duration.  Figure  2 shows  a 
curve  of  NEF  versus  distance  for  100  aircraft.  From 
the  curve,  distance  values  at  NEF  40,  35,  and  .30 
were  found. 


•Preliminary  (lata  lor  PNI.  curves  were  compiled  from  data 
Irom  Bolt.  Bcranck  and  Newman  (BBN),  U S.  Army  Environ- 
mental Hygiene  Agency  (AEHA).  and  ( ERL  (C'HRL  data.  19721. 


Ldn  was  calculated  using  level  flyover  data  meas- 
ured by  CERL.*  Total  Sound  Exposure  Level 
(Lae)  was  calculated  from  the  A-weighted  peaks 
and  the  time  interval  to  the  points  10  dB  down  from 
the  peak,  called  duration.  Ljn  was  found  from  Lae 
and  the  s^me  operational  data  used  for  calculating 
NEF.  As  a check  between  the  NEF  and  Ldn-  dis- 
tances were  found  for  L<j n values  of  75,  70,  and  60. 
The  two  measures  were  found  to  be  in  close  agree- 
ment. 

Since  no  standard  pattern  exists,  straight  flight 
was  assumed  for  estimation  of  time  duration.  In  the 
traffic  pattern,  variations  occur  which  can  either  in- 
crease or  decrease  the  duration.  It  is  felt  that  these 
factors  generally  cancel  each  other. 

Appendix  A discusses  the  calculations  used  tn 
obtaining  NEF  and  Ldn. 


•These  data  were  gathered  front  detailed  measurements  in 
spring  1974  and  arc  unrelated  to  the  PNL  data  discussed 
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Operational  Considerations 


Operational  data  used  in  the  calculation  of  the 
traffic  pattern  criteria  were  for  average  operations  at 
a typical  airfield.  Total  number  of  operations,  per- 
centage of  nighttime  operations,  and  fleet  mix  were 
considered  as  in  any  prediction  methodology.  The 
total  number  of  operations  was  chosen  to  be  100  per 
day.  This  number  was  made  larger  than  traffic 
encountered  in  the  normal  pattern  to  allow  for  future 
growth.  Table  1 gives  NEF  and  Ldn  values  for 
greater  numbers  of  operations. 

The  percentage  of  nighttime  rotary -wing  opera- 
tions was  chosen  to  be  10  percent.  Previous  experi- 
ence indicates  that  this  figure  accurately  describes 
operations  between  2200  and  0700  hrs  at  the  typical 
airfield.  It  should  be  noted  that  increasing  nighttime 
operations  to  20  percent  would  raise  the  noise  impact 
bv  about  2 NEF  or  L<]n  units.* 

The  last  of  the  general  considerations — fleet  mix 
— approximates  ownership  of  aircraft  by  the  Army. 
Since  the  missions  of  most  airfields  are  dissimilar,  a 
typical  fleet  mix  was  difficult  to  arrive  at.  A mix  of 
HO  percent  UH-ls,  15  percent  AH-IGs.  and  5 per- 
cent CH-47s  was  determined  to  be  sufficient. 
Changes  in  this  mix.  e.g..  to  40  percent  UH-ls,  40 
percent  OH-5Hs,  15  percent  AH-IGs,  and  5 percent 
CH-47s,  would  affect  the  noise  impact  only  slightly. 

DERIVATION  OF  CRITERIA 
AND  RESULTS 


Table  1 

Calculated  NEF  and  1.^  Values  With  Corresponding  Slant 
and  Planning  Slant  Distances* 


NEF 

Ldn 

Slant 

Slant 

Planning 

Slant 

NEF 

Distance 

>dn 

Distance 

Distance 

a.  100  Average  Dally  Operations 

4<> 

350  ft  (107  m) 

75 

•300  ft  (41  m) 

325  ft  (99m) 

35 

850  ft  (259  m) 

70 

750  ft  (224  m) 

800  ft  (244  m) 

V) 

1 800  ft  (549  m) 

65 

1800  ft  1549  m) 

1 800  ft  (549  m) 

b.  150  Average  Dally  Operations 

40 

550  ft  (183m) 

75 

400  ft  ( 122  m) 

475  ft  (152  m) 

35 

1 100  ft  (335  m) 

70 

1 100  ft  (.335  m) 

1 100  ft  (335  m) 

30 

2.300  ft  (701  m) 

65 

2500  ft  (762  m) 

2400  ft  (732  m) 

c.  200  Average  Daily  Operations 

40 

850  ft  (198  m) 

75 

500  ft  ( 1 52  m ) 

575  ft  (175  m) 

35 

1300  ft  (3%  m) 

70 

1400  ft  (427  m) 

1350  ft  (41 1 m) 

30 

2900  ft  (884  m) 

65 

.3000  ft  (914  m) 

2950  ft  (899  m) 

d.  300  Average  Dally  Operations** 

40 

800  ft  (244  m) 

75 

750  ft  (213  m) 

775  ft  (236  m) 

35 

1900  ft  (579  m) 

70 

1800  ft  (549  m) 

1850  ft  (564  m) 

•Values  based  on  licet  mix  of  80  percent  UH-ls,  15  percent 
AH-IGs.  and  5 percent  CH-47s  per  24-hour  period  with  10  per 
cent  ol  operations  flown  at  night.  Cruise  speed  is  80  to  40  kt  1 148 
to  187  km  'hr). 

••This  procedure  is  not  intended  for  extremely  large  numbers  of 
operations  such  as  .100  or  more.  CERL  should  be  consulted  before 
applying  these  criteria  in  such  eases. 


Calculation  Procedures 

Distance  criteria  were  calculated  using  both  NEF 
and  I-dn  as  cross-checks  of  each  other  and  of  the 
procedure.  Since  EPNLs  were  unavailable  for  rotary- 
wing aircraft.  PNLs  were  corrected  as  explained  in 
Appendix  A.  Eq  I was  used  in  the  calculation  of 
NEF  for  each  event. 

NEFj  = lEPNLj  + 10  log  [Ndi  + 16.67  <Nni)][ 

-88  + 7 [Eq  1] 

where  EPNl.j  = Effective  Perceived  Noise  Level  of 
event  i 

N = Number  of  events  per  day  (d)  and 
night  (n). 


•C  hanges  in  nighttime  operational  levels  are  considered  in 
Appendix  B 


The  total  NEF  at  a given  ground  position  was  deter- 
mined by  summing  all  the  individual  NEFj  values  on 
an  energy  basis,  as  in  Eq  2. 

n / NEF;/ 10\ 

NEF  = 10  log  1 flO  ) ( Eq  2] 

i=l  \ / 

A correction  factor  of  4-7  dB  was  added  to  NEF  to 
account  for  the  relative  annoyance  of  (he  spectrum  of 
the  helicopter  and  the  fact  that  helicopters  are 
usually  turning  and/or  ascending  or  descending 
while  in  a traffic  pattern  or  an  ingress  or  egress  corri- 
dor. (Appendix  A provides  a more  detailed  explana- 
tion.) Various  slant  distances  were  tried  until  NEF 
values  of  40,  35,  and  30  were  obtained. 

■<in  was  calculated  from  CERL  flyover  data  for 
the  slant  distances  that  were  found  to  produce  NEF 
values  of  40,  35,  and  30.  The  total  A-weightcd  sound 
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exposin'  level'(L^p)  for  each  tlyover  was  calculated 
using 

LAE  = Max -4.25 +10  log  T0  |Eq  3| 

where  Max  = A-weighted,  slow,  maximum  level  for 
the  level  flyover 

T0  = Duration  in  seconds  between  the  10- 
dB  down  points  from  the  maximum. 

hq  3 assumes  a triangular  approximation  to  the  heli- 
copter lime  history  as  explained  in  Appendix  A. 
was  calculated  using 

n 

L(h,  =|  X (Ej  + 10  log  Nd) 
i=l 

n 

+ X (Ej  + 10  log  Nn  + 1 0) | 
i=l 

- 10  log  86400  + 7 [Eq4] 

where  Ej  = Lae  forevent  i 

N = Number  of  events  per  day  (d)  and 
night  (n) 

86400  = Seconds  per  24-hour  period. 

Appendix  B shows  sample  calculations  for  NEF 


Results 

Table  I.  which  summarizes  the  calculation  results 
for  NI  L and  I^n,  shows  NEF  values  of  40,  35,  and 
30  and  Ldn  values  of  75,  70,  and  65  with  the  corre- 
sponding distances  found  from  calculations  for 
various  numbers  of  operations.  Recommended  plan- 
ning slant  distances  to  be  used  by  planners  are 
shown  for  the  above  NEF  and  L^n  values.  As  an 
example,  it  is  recommended  that  an  NEF  of  35  (Ldn 
of  70)  not  be  exceeded  at  a proposed  building  site 
located  800  ft  (244  m)  from  a helicopter  traffic  pat- 
tern. The  choice  of  these  Ldn  values  is  based  on  the 
A1CUZ  instruction  and  the  DOD  Construction 
Criteria  Manual  described  earlier  in  this  report. 


The  Environmental  Protection  Agency  (EPA) 
states  that  for  most  environmental  noise,  NEF  and 
1-dn  are  separated  by  35  ±2  dB.10  The  calculated 
NEF  and  L(]n  values  therefore  closely  agree  within 
these  limits. 

Applicability  of  Results 

Corridors  should  be  created  for  the  anticipated 
maximum  average  daily  number  of  operations. 
Table  I gives  recommended  planning  distances 
versus  L^n  and  NEF  for  KM),  150  , 200,  and  300 
operations  per  day.  It  is  felt  that  1 (X)  is  the  minimum 
number  of  operations  that  should  be  used  for  plan 
ning  purposes  when  actual  daily  operations  exceed 
10.  Less  than  10  operations  per  day  should  be 
ignored.  The  lower  limit  is  designed  to  allow  for 
landing  pads  at  the  hospital  or  base  headquarters  to 
be  excluded  from  the  planning  requirements.  This 
limit  notwithstanding,  patterns  associated  with  main 
airfield  or  heliport  operations  in  the  vicinity  of  the 
airfield /heliport  itself  must  be  assessed. 

4 CONCLUSION 

The  interim  criteria  presented  in  this  report  will 
closely  identify  the  noise  impact  areas  (those  areas 
with  an  Lj,,  of  65  or  greater)  of  existing  or  proposed 
helicopter  traffic  corridors  and  the  ingress  and 
egress  patterns  of  airfields,  heliports,  or  frequently 
used  helipads.  It  is  essential  that  the  criteria  and 
guidance  presented  in  this  report  and  its  companion 
report,  User  Manual  Interim  Procedure  for  Plan- 
ning Rotary-Wing  Aircraft  Traffic  Patterns  and 
Siting  Noise-Sensitive  Land  Uses,  be  used  by  the 
installation  commands  which  support  Army  aviation 
activities.  Proper  master  planning  of  compatible 
land  use  areas  on  and  adjacent  to  the  installations 
depends  on  adoption  of  the  guidelines  and  criteria 
provided  in  these  reports.  Excess  free  land  area 
around  an  existing  airfield  or  heliport  should  not  be 
used  as  an  excuse  for  not  implementing  these  guide- 
lines and  criteria. 

10 information  on  levels  of  Environmental  Noise  Requisite  to 
Protect  Public  Health  and  Welfare  With  an  Adequate  Margin  of 
Safety.  Report  550/ 9- 74  (KM  (FRA.  March  1974) 


10 


APPENDIX  A: 


DISCUSSION  OF  CALCULATIONS 


NEF 

NF.F  was  calculated  using  PNL  data  from  helicop- 
ter overflights.  Since  EPNL  is  used  in  the  calculation 
('I  NKF.  it  is  necessary  to  convert  maximum  PNL 
and  a measure  of  the  duration  to  an  approximation 
of  FPNL. 

Assuming  a triangular  shape  of  the  PNL  time 
history  for  values  within  10  dB  of  the  maximum 
value,  the  average  value  on  an  energy  basis  is  about 
4.25  dB  below  the  maximum  value.  Considering  the 
standard  10-sec  duration  used  to  calculate  EPNL. 
this  implies  that 

F.PNL  = (Max  PNL -4.25)  + 10  log10T0/IO[Eq  Al) 

where  T0  = the  time  duration  between  the  points  10 
dB  below  the  maximum  PNL  point. 

Within  the  primary  range  of  interest.  CERL  data 
indicate  approximate  10-dB  dow  n durations  at  300  ft 
(91  m).  360  ft  ( 1 10  m),  and  500  ft  (152  m)  of  10  sec. 
12  see,  and  17  to  18  sec,  respectively,  for  a cruise 
speed  of  about  80  to  90  kt  ( 148  to  167  km/hr).  These 
values  closely  fit  expected  theoretical  values.  Calcu- 
lations show  that  absorptive  effects  cause  the  dura- 
tion relation  to  depart  from  theory  significantly  only 
at  short  distances  (less  than  300  ft  |91  m|)  and  long 
distances  (greater  than  .KXX)  ft  |914  m|).  In  the 
middle  distances,  the  relative  absorption  changes 
between  the  maximum  value  and  the  values  at  the 
10-dB  down  point  are  almost  identical  (Figure  Al). 


A correction  factor  of  +7  is  added  to  all  results  to 
account  for  helicopter  noisiness  and  turns.  The  heli- 
copter spectrum  includes  impulsive  blade  slap  and 
other  phenomena  which  make  rotary-wing  aircraft 
more  annoying  than  fixed-wing  aircraft.  The  DOD 
letter  of  15  October  1975.  Subject:  Air  Installations 
Compatible  Use  /.one  Noise  Descriptors  requires  use 
of  the  7-dB  factor. 

It  was  assumed  that  helicopters,  while  in  a traffic 
pattern  or  ingress  or  egress  corridor,  would  usually 
be  turning  and/or  changing  altitude  rather  than 
being  in  level  flight . Since  no  published  data  are 
available  on  turns  versus  level  cruise.  C'ERL.  data 
were  consulted.  Tentative  results  from  this  analysis 
show  that  turns  increase  the  A-weighted.  slow,  maxi- 
mum reading  by  4 to  5db.  Therefore,  the  total  addi- 
tion factor  to  NEF  and  L{jn  could  be  4 or  5 dB  if  the 
added  noise  from  turns  only  was  considered,  or 
could  be  as  high  as  12  dB  if  the  combined  effects  of 
impulsiveness  and  turning  were  taken  into  account. 
A total  correction  factor  of  +7  dB  seems  to  reflect  a 
conservative  compromise  between  the  limits. 

Ldn 

In  the  calculation  of  Ldn-  A-weighted.  slow,  maxi- 
mum levels  from  two  pairs  of  sideline  microphones 
at  slant  distances  of  360  and  500  ft  (1 10  and  152  m) 
were  corrected  for  the  three  distances  that  yielded 
NF.F  values  of  40.  35,  and  30.  Assuming  a triangular 
approximation  of  the  time  pattern  shape  of  the  heli- 
copter time  history  within  10  dB  of  the  maximum 
level,  it  is  estimated  that  the  average  level  is  4.25  dB 
below  the  maximum.  Lae  and  Ldn  were  calculated 
on  an  energy  basis  using  Eq  3 and  Eq  4.  The  total 
correction  factor  of  +7  has  been  included  as  shown 
in  Eq  4. 
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figure  At.  Expected  duration  between  the  points  10  dB  down  the  maximum,  slow,  A-weighted 
level  vs  slant  distance.  Absorptive  effects  cause  departure  from  theory  below  300  ft  (91  m)  and 
above  3000  ft  (914  m)  slant  distance. 


APPENDIX  B: 


SAMPLE  CALCULATIONS 


Calculation  ot  NEF 

A simple  example  will  demonstrate  the  calculation 
of  NEF.  Calculations  w ill  he  performed  for  100  total 
operations  per  24-hour  period  with  10  percent  of  the 
flights  during  the  night  hours.  Of  the  100  opera- 
tions. 80  will  be  UH-ls.  15  AH-IGs.  and  5 CH-47s 
(Table  Bll. 


Table  HI 

l.Utingof  Aircraft  Used  in  Fleet  Mix 


Aircraft 

Number  of  Aircraft 

per  24- Hour  Period 

Di) 

(0700-2200  h re) 

Night 

(2200-0700  hr*) 

UH-1 

72.0 

8.0 

AH-IG 

13.5 

1.5 

CH  47 

4.5 

0.5 

Graphs  of  Perceived  Noise  Levels  for  level  flight 
versus  each  aircraft  type  at  a distance  of  350  ft 
( 107  m)  were  consulted . These  levels  will  later  be  cor- 
rected for  turns.  F.PNL  can  be  found  (as  indicated  in 
Appendix  A)  by  using  the  PNL  versus  distance 
curves. 

For  this  example.  NEF  will  be  calculated  at  350  ft 
(107  m).  By  using  Fq  Al.  PNL  curves  for  each  air- 
craft. and  the  durations  plotted  in  Table  Al,  EPNL 
can  be  found  as  shown  in  Table  B2  and  the  following 
calculations. 

For 

UH-1:  EPNL  = 97 -4.25+  10  log  11/10  = 93 

AH-IG:  EPNL=  107-4.25+  lOlog  11/10=  103 

CH-47:  EPNL  = 98 -4.25+  10  log  11/10  = 94 

With  this  information,  it  is  possible  to  calculate 
NEF  from  Fq  I: 

NFF  = 1 93  + 10  log  (72  + 16.67  (8))| 

+ |l()3  + 10  log  (13.5  + 16.67  (1.5))] 

+ |94  + 10  log  (4.5  + 16.67  (0.5))]  -88  + 7 

NFF  =|I16+  119  + 105]  -88  + 7 


Table  B2 

KPN I.  Values  Calculated  from  PNL  Data  al  350  ft  ( 107  m) 


PNL 

EPNL 

Aln-raft 

•1  350  ft  (107  m) 

at  3S0  ft  (107  m) 

UH  1 

07 

03 

AH  IG 

107 

103 

CH-47 

08 

04 

Adding  the  numbers  in  brackets  on  an  energy  basis 
according  to  Fq  2 yields: 

NFF  = 121  -88  + 7 

NFF  =40 

Similar  calculations  have  been  performed  for  a 
number  of  slant  distances;  the  results  are  graphed  in 
Figure  2.  As  can  be  seen,  a slant  distance  of  350  ft 
(107  m)  yields  an  NEF  of  40.  Table  B3  demonstrates 
the  change  in  noise  impact  given  different  percent- 
ages of  night  operations.  This  table  demonstrates  a 
relative  insensitivity  to  the  percentage  of  night  opera- 
tions in  the  range  of  1 to  30  percent.  Modification  for 
this  factor  is  not  required. 

Table  B3 

Approximate  Modification  to  NEF  or  l.^n  for  a Change 
In  the  Percentage  of  Night  (2200-0700  bn)  Operations 
to  be  Added  to  Values  In  Table  I 


Percentage  of  Night 
Operations 

Unit  Correction  to  NEF 
°rLdn 

0 

—4 

10 

0 

20 

+ 2 

30 

+ 3 

50 

+ 5 

100 

+ 8 

NOTE:  This  table  demonstrates  a relative  insensitivity  to  the  per- 
centage  of  night  operations  in  the  range  of  I to  30  per 
cent.  Modification  for  this  factor  is  not  required. 


Calculation  of  Ljjn 

Ldn  was  calculated  from  CERL  flyover  data  (in- 
stead of  tables)  to  produce  similar  results  as  for 
NEF. 

For  this  example,  the  same  total  number  of  opera- 
tions ( 1 00) . percentage  of  night  operations  (10  per- 
cent), and  fleet  mix  (80  percent  UH-ls,  15  percent 
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AH-IGs,  and  5 percent  CH-47s)  will  be  used  as  for 
the  NFF  example.  An  Ldn  at  a slant  distance  of  750 
It  <22*4  m)  will  be  calculated.  Aircraft  were  flying  at 
.100  It  (4|  nil  AGL  and  data  will  be  taken  from  one 
sideline  microphone  located  at  a ground  distance  of 
400  ft  (122  m)  Irom  the  centerline  (slant  distance  = 
500  ft  |I52  m|). 

The  A-wcightcd.  slow,  maximum  levels  at  500  ft 
(152  m)  slant  distance  can  be  normalized  to  any 
distance  using  Eq  Bl. 

LD  = 1 R 20  log  (DR)  -/j^a(s)ds  |Eq  Bl] 

where  D = Desired  distance 
R = Reference  distance 
a = Absorption  per  unit  distance  of  the  A- 
weighted  spectrum  (i.c..  absorption  is  a 
function  of  spectrum  which  changes  with 
distance). 

At  750  ft  (224  m).  for  example,  it  is  estimated  that 
the  weighted  absorption  is  1 dB/1000  ft  (0.0033 
dB/m)  for  the  helicopter  spectrum.  The  level 
becomes 

Ld  = Lr  - 20  log  (750/500)  - ( 1 .0/  I000M750-500) 
l-D  = Lr  —3.8 

I able  B4  presents  the  A-weighted.  slow,  maximum 
values  at  500  and  750  ft  (152  and  229  m)  determined 
using  the  above  correction.  Figure  Bl  presents  the 
maximum  level  relative  to  500  ft  (152  m)  versus  slant 
distance,  including  an  estimation  of  the  absorption 
effects. 


Table  B4 

A- Weighted,  Slow,  Maximum  Levels  for  the  Aircraft  Used 


A-Welghted,  Slow,  Maximum  Lard 

Aircraft 

500  ft  ( 1 52  m) 

750  ft  (229  m) 

Slant  Distance 

Slant  Distance 

OH  1 

82. 5 

79 

AH-IG 

87 

8.1 

CH-47 

87 

8.1 

The  tvpical  duration  between  the  point  10  dB 
down  Irom  the  A-weighted.  slow,  maximum  level  at 
500  ft  (152  m).  as  found  from  CERL  data,  is  about 


lb  sec,  which  indicates  a 25-sec  duration  at  750  ft 
(229  m),  as  shown  in  Figure  Al. 

The  time  integral  of  the  square  of  pressure  (Lae) 
can  then  be  calculated  for  each  aircraft  at  750  ft 
(229  m)  using  Eq  3: 

UH- 1 : Lae  = 79  - 4.25  + 10  log  (25)  = 89 

AH-IG:  Lae  =83 -4.25+  10  log  (25)  =93 

CH-47:  Lae  = 83  - 4.25  + 10  log  (25)  = 93 

where  LAe  = l/t0T / I’a  <*>dl  <t0  = 1 scc> 

L(jn  can  be  easily  calculated  using  the  number  of 
aircraft  from  Table  Bl  and  Eq  4: 

n 

Ldn  = I 2 (Lae  + 10  l°g  Nd* 
i=l 

n 

+ 1 <LAEi  + l0|ogNn  + l0)| 
i=l 

-10  log  86400  + 7 
Substituting. 

Ldn  =|(89+  10  log(  144))  + (93  + 10  log<27)) 

+ (93  + 10  log(9))  + (89  + 10  log(lb)  + 10) 

+ (93+  10Iog(3)+  10)  +(93+  I0log(0.1)+  10)| 
- 10  log  86400  + 7 

yields 

Ldn  =|1()8  + 104  + 100  + 108  + 105  + !00| 

- 10  log  86400  + 7 

Adding  the  numbers  in  brackets  on  an  energy 
basis  according  to  Eq  2 yields: 

Ldn  = 113 -10  log  86400  + 7 

l-dn  = 20 

After  35  is  subtracted  (as  suggested  by  the  EPA). 
this  Ldn  value  is  in  close  agreement  with  NEF  results 
calculated  from  published  data. 
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figure  Bl.  Estimation  of  the  maximum,  slow,  A-weighted  level  relative  to  500  ft  (152  m)  vs  slant 
distance  for  rotary-wing  aircraft. 
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Airports  and  Const.  Services  Dir. 
Technical  Information  Reference 
Centre 

KAOl.  Transport  Canada  Buildinq 
Place  de  Vllle,  Ottawa.  Ontario 
Canada.  KlAONB 

Aberdeen  Proving  Ground,  MO  2100S 
ATTN:  AMXME'J.  0.  WeiSZ 

Ft  Bel  voir.  VA  22060 

ATTN  kinqman  Bldq,  library 

Ft  Monroe.  VA  23651 
ATTN  ATEN 

Ft  M'-Pher-.on,  GA  30330 
ATTN  AFEN-FEB 

USA- ME S 

ATTN  Library 

6th  US  Army 
ATTN  AFkC-LG-C 

US  Army  tnqineer  District 
New  iork 

ATTN  Chief.  Design  Br 
Thi ladelphia 
ATTN  library 
ATTN  Chief.  NAPEN-E 
Balt  tmore 

ATTN  Chief.  Engr  Dlv 
Norfolk 

ATTN  Chief,  NAOEN-D 
Huntington 

ATTN  Chief.  ORHED 


US  Army  tnqineer  District 
Wilmington 

ATTN:  Chief.  SWAEN-0 

Savannah 

ATTN:  Library 

ATTN  Chief.  SASAS-L 
Mobile 

A 7TN : Chief.  SAMEN-D 

Memphis 

ATTN:  Library 

Louisville 

ATTN:  Chief,  Engr  Div 

Oetrolt 

ATTN:  library 

St  Paul 

ATTN:  Chief.  ED-0 

Rock  Island 
ATTN:  Library 

ATTN:  Chief.  Engr  Dlv 

St.  Louis 

ATTN:  Library 

ATTN:  Chief,  ED-0 

Kansas  City 

ATTN:  Library  (2) 

Omaha 

ATTN:  Chief,  Engr  Dlv 

New  Orleans 

ATTN:  Library 

ATTN:  Chief,  LMNED-DG 

Little  Rock 

ATTN:  Chief,  Engr  Dlv 

Tul  sa 

ATTN:  Chief.  Engr  Dlv 

ATTN:  Library 

Fort  Worth 

ATTN:  Library 

ATTN:  Chief,  SWFED-D 

Albuquerque 

ATTN:  Library 

San  Francisco 
ATTN:  Chief,  Enqr  Div 

Sacramento 

ATTN:  Chief,  SPKED-D 

Far  East 

ATTN:  Chief,  Engr  Dlv 

Japan 

ATTN:  Library 

Portland 

ATTN:  Library 

Seattle 

ATTN  Chief.  EN-DB-ST 
Walla  Walla 
ATTN:  library 

ATTN  Chief.  Enqr  Dlv 
Alaska 

ATTN:  Library 

ATTN:  NPAOE-R 

US  Army  Enqlneer  Division 
Europe 

ATTN:  Technical  Library 

New  England 

ATTN:  Chief,  NEDED-T 

ATTN;  Library 
North  Atlantic 
ATTN:  Chief.  NADEN-T 

Middle  East  (Rear) 

ATTN:  MEDED-T 

South  Atlantic 

ATTN.  Chief.  SADEN-TS 
ATTN  I Ibrary 
Huntsville 

ATTN:  Library  (2) 

ATTN  Chief.  MNDED-CS 
ATTN:  Chief.  HNDED-SR 

lower  Mississippi  Valley 
ATTN:  Library 


US  Army  Engineer  Division 
Ohio  River 

ATTN:  Chief.  Engr  Dlv 

ATTN  Library 
North  Central 
ATTN:  library 

Missouri  River 

ATTN  Library  (2) 

ATTN:  Chief.  MRDED-T 

Southwestern 
ATTN:  Library 

ATTN:  Chief.  SWDED-T 

South  Pacific 
ATTN  Chief.  SPDED-TG 
Pacific  Ocean 

ATTN:  Chief.  Engr  Dlv 

North  Pacific 

ATTN:  Chief,  Engr 

Facilities  Engineers 
Ft  Campbell.  KV  42223 
FORSCOM 

Ft  Devens , MA  01433 
Ft  Carson,  CO  80913 
Ft  Lewis.  WA  98433 
USAECOM 

Ft  Monmouth.  NJ  07703 
USAIC  (2) 

Ft  Bennlnq,  GA  31 90S 
USAAVNC 

Ft  Rucker.  Al  36361 
CAC&Fl 

Ft  Leavenworth.  KS  66027 
USACC 

Ft  Huachuca,  A Z 85613 
TRADOC 

Ft  Monroe,  VA  23651 
Ft  Gordon,  Ga  30905 
Ft  Sill.  OK  73503 
Ft  BUSS.  TX  79916 

HQ,  1st  Inf  Dlv  & Ft  Riley.  KS  66442 
HQ,  5th  Inf  Olv  t Ft  Polk,  LA  71459 
HQ.  7th  Inf  Olv  A Ft  Ord,  CA  93941 

AF/PREEU 

Bolllnq  AFB,  DC  20332 

AF  Civil  Enqr  Center/XRl 
Tyndall  AFB.  FL  32401 

Little  Rock  AFB 

ATTN:  314/ Df E E (Mr  Glllham) 

Jacksonville,  AR  72076 

US  Naval  Oceanoqraphic  Office 
WASH  DC  20373 

Naval  Air  Systems  Cutmapj 
WASH  DC  20360 

NAVFAC/Code  04 
Ale*andr1a,  VA  22332 

Port  Hueneme,  CA  93043 
ATTN:  Library  (Code  108A) 

Washington,  DC 

ATTN  Buildinq  Research  Advisory  Board 
ATTN  Transportation  Research  Board 

ATTN:  Library  of  Conqress  (?) 

ATTN:  Dept  of  Transportation  Library 

Defense  Documentation  Center  (12) 

Engineering  Societies  library 
New  York,  NY  10017 


HQ  FORSCOH 

ATTN  AM  N-LQ/ Robert  Jarret 
Ft.  McPherson,  GA  30330 

U.S.  Army  Eng  District.  Ft.  Worth 
ATTN  Derwood  Jones 
ATTN  Tom  l . Hay 
ATTN:  Bill  G.  Daniels 

ATTN  Royce  W.  Ellens,  Water 
Resource  Planning 
Environmental  Resources  Section 
P.0.  Bo*  17300 
Ft.  Worth,  TX  7610? 

Aeronautical  Service  Office 
USA  Air  Traffic  Control  Activity 
ATTN:  Hr.  Brooks 
Cameron  Station 
Alexandria , VA  22314 

DFAE  Envlr  Quality  Section 
ATTN:  Hike  Halla 

Fort  Carson,  CO  8019? 

Comrwnder 

Ft.  Sill 

ATTN:  DFAE/D.  Herqenrether 

Ft.  Sill.  OK  73503 

Human  Engr  Lab 

ATTN:  George  Garinther 

Aberdeen  Proving  Ground,  HD  ?1005 

Director 

US  Army  Engr  Waterway  Exp  Sta 
ATTN:  Jack  Stoll /WESSE 

PO  Bo*  631 
Vicksburg.  MS  39180 

HQ  US  Army  Materiel 
DARCOM 

ATTN:  DRCPA-t/E.  Proudman 

ATTN:  J.  Pace 
501  Eisenhower  Ave 
Alexandria.  VA  ??333 

US  Army  Envlr  Hygiene  Agency 
ATTN:  CPT  George  LuZ/BioAcoust ics 

Aberdeen  Proving  Ground,  HD  2 1 01 0 

US  Training  and  Doctrine  Command 
ATTN:  ATEN-FE-E/D.  Dery 

ATTN:  James  L.  Aikin,  Jr., 

Chief,  Environmental  Branch 
Ft.  Monroe.  VA  23651 

US  Army  Aeromedical  Research  Lab 
ATTN:  Robert  T.  Camp,  Jr. 

ATTN:  CPT  J.  Peterson 

Bo*  577 

rort  Rucker,  AL  36360 

Commander 

Fort  Belvolr 

ATTN:  Sam  Wehr 

ATTN:  Paul  Hopler 

System  A Components  Branch 

Ft.  Belvolr,  VA 

US  Army  Corps  of  Engineers 
South  Atlantic  Div 
ATTN:  S0AC0-H/8.  Alley 

510  Title  Bldg 
30  Pryor  St 
Atlanta.  GA  30303 

HQ  US  Army  Forces  Command 
Office  of  the  Engineer  (AFEN-EQ) 
ATTH'  Robert  Montgomery 
Fort  McPherson,  GA  30330 

US  Army  Medical  Bioengineering 
RAO  laboratory 

Envl momenta  1 Protection  Research 
Division 

ATTN:  ETC  leRoy  H.  Reuter 

Fort  Detrick 
Frederick,  MO  2.701 


Chief  of  Engineers 
ATTN:  DAE N-MCE -A/W.  B.  Holmes 

ATTN:  DAFN-MCC-E/D.  Spivey 
ATTN'  DAf N-HCC-E/P . Van  Parys 
ATTN:  OAEN-MCE-P/F.  P.  Beck 

ATTN:  DAEN-MCE-P/J.  Halligan 

ATTN  DAEN-ZCE-O/D.  M.  Benton  (?) 
Dept  of  the  Army 
WASH  DC  20314 


Director 
6570  AMRL/B8E 
ATTN  Dr.  H.  Von  Gierke 
ATTN:  Jerry  Cpeakman 

ATTN  LTC  D.  Johnson,  BBA 
Wright-Patterson  AFB.  OH  45433 

HQ  USAF/PREVX 
Pentagon 

ATTN:  LTC  Menker 

WASH  OC  ?0330 

Nav  Undersea  Center,  Code  401 
ATTN.  Bob  Gales 
ATTN-  Bob  Young 
San  Diego,  CA  9213? 

Naval  Air  Station 

ATTN  Ray  Glass/Code  661 

Attn  Hark  Long  ley -Cook/Code  6610? 

Building  Ml 

Naval  Air  Rework 

North  Island.  CA  92135 

MAJ  Robert  Dettling 
US  Af -ETAC/ENB 
Bldg  159 
Navy  Yard  Annex 
WASH  DC  20333 

Naval  Facilities  Engineering 
Command 

ATTN:  David  Kurtz 

Code  201  3C 
Hoffman  «2 
200  Stovall  St 
Alexandria , VA  22332 

Chief  of  Naval  Operations 
ATTN:  LTJG  R.  F.  Krochalis 
200  Stovall  St 
Alexandria.  VA  22332 

Federal  Aviation  Administration 
ATTN:  Mr.  C.  Foster/AEQ 

ATTN:  ARD-530/J.  McCullough 

ATTN:  H.  B.  Safeer,  Chief 

Envir  Policy  Div 
ATTN:  AEQ  220/Larry  Bedoure 

ATTN:  AEQ  200/Dick  Tedrick 

800  Independence  Ave  SW 
WASH  DC  20591 

National  Bureau  of  Standards 
ATTN:  Curtis  I.  Holmer 

ATTN-  Dan  R.  Flynn 
ATTN:  Arthur  1 . Rubin 

ATTN:  Simone  Yaniv,  Bldg  226, 

Room  A31 3 
WASH  DC  20234 

federal  Highway  Administration 
ATTN:  C.  Van  Severs 

Region  15  Office 
1000  N.  Glebe  Rd 
Arlington,  VA  2220! 

Bureau  of  National  Affairs 
1231  25th  St  NW 
ATTN:  Fred  Blosser 

Room  46? 

WASH  OC  20037 

Office  of  Noise  Abatement 
ATTN:  Gordon  Banerlan 

Office  of  the  Secretary 
400  7th  St  SW 
WASH  DC  20590 

Department  of  Housing  & Urban 
Development 
ATTN:  reorqe  Winzer 

Ch.  Noise  Abatement  Program 
Office  of  Res  & Tech 
WASH  OC  20410 

NASA 

ATTN:  H.  Hubbard 

ATTN:  D.  Maglleri 

ATTN:  Dave  Hi  1 ton 

Hampton,  VA  23365 

EPA  Noise  Office 
ATTN:  A1  Hicks.  Room  2113 

John  F.  Kennedy  Federal  Bldg 
Boston,  MA  02203 


EPA  Noise  Division 
ATTN:  Bob  He! lweg 

ATTN  J.  Reid 
2200  Churchill  Rd 
Springfield,  IL  62706 


invlronmental  Protection  Agency 
ATTN  George  Putnickl 
1600  Patterson 
Dallas,  TX  75201 

Environmental  Protection  Agency 
ATTN : Tom  0 ’Hare 

Noise  Office  (Rm  907G) 

26  Federal  Plaza 
New  York.  NY  10007 

EPA  Region  III  Noise  Program 
ATTN  Pat  Anderson 
Curtis  Bldg,  6th  A Walnut 
Philadelphia.  PA  19106 

Environmental  Protection  Agency 
ATTN  A» -4 71 /Cos i mo  Caccavari 

ATTN  AW-471/H.  Nozltk 
ATTN.  Aw-471/A.  r.onhelm 
ATTN  Aw  -4 " | /L . C.  Gray 
Attn  Am  «71/J.  Shampan 
ATTN  P.  Marrazzo 
ATTN  f ed  Mmtz.  Aircraft 

No.se  Regulation  Officer 
ATTN  Basil  Manns 
ATTN  William  Sperry 
ATTN  J.  Goldstein 
ATTN:  0.  Gray 

WASH  DC  20460 

Environmental  Protection  Agency 
ATTN:  Robert  A.  Simmons 

Rocky  Mountain-Prairie  Region 
Suite  90^  Lincoln  Bldg 
1860  Lincoln  St 
Denver.  CO  R020Y 

EPA  Noise  Office  (Room  109) 

ATTN:  Dr.  Kent  Williams 

1421  Peachtree  St 
Atlanta.  GA  30309 

Illinois  Environmental  Protection 
Agency 

DNPC/Greg  Zak 
2200  Churchill  Rd 
Springfield.  IL  62706 

Kentucky  Department  of  Labor 
ATTN:  John  Suimersett 

Div  of  Educational  Training 
Frankfort,  KY  40601 

International  Harvester 
ATTN:  Walter  Page 

7 South  600  County  1 Mile  Rd 
Hinsdale,  IL  6P521 

Joiner-Pelton-Rose,  inc. 

ATTN:  Jack  R.  R/i’:dOrff 

10110  Monroe  Dr  ; ve 
Dallas,  TX  75229 

Kamperman  Associate,  Inc. 

ATTN:  George  Kamperman 

1 110  Hickory  Trail 
Downers  Grove,  IL  60515 

Paul  Borsky 

367  FrankMn  Avenue 

Franklin  Square,  NY  11610 

Tom  Gutman 

1921  Jefferson  Davis  Mwy 
Crystal  Mall , Bldg  2 
Arlington,  VA  20620 

Booz-Allen  Applied  Research  Div 
ATTN:  Robert  L.  Mershey,  P.E. 

4733  Bethesda  Ave 
Bethesda.  MD  20014 

lee  E . Gates 
2266  East  Rd 
Mobile,  Al  36609 

Green  Construction  Co. 

Chari 1e  E . Sanders , VP 
Equipment  A Purchasing 
1321  walnut  St 
Des  Moines , I A 50309 


Cedar  Knolls  Acoustical  Lab 
ATTN:  Dick  Guernsey 
9 Saddle  Rd 

Cedar  Knolls,  NJ  07927 


Ms.  Charolette  Rines 
1921  Jefferson  Davis  Hwy 
Crystal  Mall  *2 
Room  11 OS 

Arlington,  VA  20460 

Sensory  Sciences  Research  Ctr 
ATTN:  Karl  Kryter 

ATTN:  Jim  Young 

33 J Ravenwood  Ave 
Menlo  Park,  CA  94025 

College  of  Law 
ATTN:  Mr.  Plager 

University  of  111 Inols 
Champaign,  1L  61820 

General  Motors  Proving  Ground 
ATTN:  Ralph  K.  Hillquist 

Milford,  MI  48042 

Bolt  Beranek  & Newman,  Inc 
ATTN:  Kenneth  M.  Eldred 

SO  Moulton  St 
Cambridge,  MA  02138 

Bolt  Beranek  A Nevmian,  Inc. 
ATTN:  Dr.  B.  Galloway 

ATTN:  Dr.  S.  Fidel  1 

ATTN:  Dr.  Pearsons 

21 120  Vanowen  St 
PO  Box  633 

Canoga  Park,  CA  91305 

Engineering  Dynamics,  Inc. 
ATTN:  Robert  C.  Chanaud 

Noise  & Vibration 
66S1  South  Wellington  Ct 
Littleton,  CO  80121 


Westinghouse  Electrical  Corp 
Research  A Development  Ctr 
ATTN:  Jim  R.  Moreland 

Churchill  Boro 
Pittsburg,  PA  1423S 

Systems  Technology  Corp 
ATTN:  Gregor  Rigo 

24S  N.  Valley  Rd 
Xenia,  OH  45385 

Daniel  Queen 
5524  Gladys  Ave 
Chicago,  !L  60644 

Sandia  Corporation 
ATTN-  Jack  Reed 
PO  Bo*  5800 
Albuquerque,  NM  87115 

Society  of  Automotive  Engrs 
ATTN:  William  J.  Toth 

400  Conwonweal th  Dr 
Warrendale,  PA  15096 

Wyle  Labs 

ATTN:  L.  Sutherland 

128  Maryland  St 
El  Sequndo.  CA  90245 

Consolidated  Edison  Co.,  of  NY 
ATTN:  Allan  Tepllt/ky 

4 Irving  Plaza 
New  York,  NY  10003 

Pennsylvania  State  University 
101  Engineering  A Bldg 
University  Park,  PA  16802 


Georgia  Institute  of  Technology 
Department  of  City  Planning 
ATTN:  Clifford  Bragdon 

Atlanta,  GA  30083 

Dames  & Moore 

ATTN:  Dr.  Frederick  M.  Kessler 

6 Commerce  Drive 
Cranford,  NJ  07016 

Bonttron,  Inc. 

ATTN:  Robert  W.  Benson 

2670  Sidco  Drive 
Nashville,  TN  37204 


